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Impactson theunderstoryof abalsamfir (Abiesbalsa,nea(L.) Mill.) — paperbirch (Betulapapvrifrra Marsh.)stand,caused
by winter and spring full-tree logging andby winter tree-length logging which was followed by summerburning, were
monitoredfor two growingseasonsafteroverstoryharvest.New speciesinvadedfull-tree logging sites,while compositional
changeson the burnedareawere dueprimarily to thedisappearanceof species.Prescribedburningon thetree-lengthlogging
areapreventedthe quick increasein densityof woody speciesthatoccurredon full-tree harvestedsites.However,understory
productionincreasedon all sites, andby theendof thesecondseasonabovegroundbiomasswas 3847,4516,and2604 kg/ha
on the winterfull-tree, spring full-tree, andwintertree-lengthplus burningsites, respectively,comparedwith 942 kg/haon
the uncutcontrol.

The majorfactorscausingdifferenceswereprescribedburningandsnowcoverduringharvestoperations.Sinceourresults
concurwith previousfindings and appearpredictable,resourcemanagerscan choosethe techniquebest suitedto specific
objectives.However,no matterwhichsystemis used,thesamecorespecieswill persistafterward,andif successionis allowed
to continue,an understorywill developsimilar to that existing beforeharvest.

OUTCALT, K. W., et E. H. WHITE. 1981. Phytosociologicalchangesin understoryvegetationfollowing timber harvestin
northernMinnesota.Can.J. For. Res. 11: 175—183.

Les impactsd’uneexploitation hivernaleet printanni~repararbresentiers,suivieparuneexploitationenbois long hivernale
~ laquelles’ajouta un brillaged’6t~, ont~ observbssurle sous-boisd’un peuplementdesapinbaumier(Abiesbalsamea(L.)
Mill.) et de bouleau ~ papier (Betula papyrifera Marsh.) pendantdeux saisonsde croissanceapr~s Ia n~colte du couvert
forestier.De nouvellesesp~cesont envahilesstationsde l’exploitation par arbreentier landis queles changementsdansIa
compositionde Ia v~g6tationdansl’aire brOI~e, r~sultaientprincipalementde Ia disparitionde certainesesp&es.Le brCiiage
dansles airesexpIoit~esenbois longsaemp&h~uneaugmentationrapidedeIa densit~enesp~cesligneusestelle qu’elles’est
produitedansles stationsoii l’on a exploit6 pararbreentier.Cependant,Ia productionde sous-boisa augment~danstoutes
les stations,et ~sIa fin deIa secondesaison,Ia biomasseau-dessusdu sol atteignait3847, 4516et 2604kg/hapour les stations
de coupepar arbreentierhivernale,par arbreentier au printempset par bois longs hivernal suivi de brfilage, compares‘a
942 kg/hadansles stationsde contr6le.

Lesprincipaux facteursqui sont Ia causedecesdiffrrencessont le brfilage et le couvertde neigedurantlesexploitations.
Etantdonnaquenos r~sultatsconfirmentde pr~c~dentesrechercheset semblentpr~visibles, les am~nagistesde ressources
peuventdoncchoisir Ia techniqueIa mieuxadapt~e‘a desobjectifssp~cifiques.Cependant,quelquesuit le syst~meempIoy~,
le m~me grouped’esp~cespersisterapar Ia suite, et si Ia successionse poursuit suffisammentlongtemps,un sous-bois
semblable‘a celui existantauparavantser6tablira.

{Traduit par le journal]

Changesin understoryvegetationafter timber har-
vestingand prescribedbuminghavebeeninvestigated
by a numberof workers.Althoughthereare somesimi-
larities in the phytosociologicalchangesthat occur, as
shownby studieswithin the Douglas-fir (Pseudotsuga
menziesii(Mirb.) Franco)regionsof Washingtonand
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SoutheasternForestExperimentStation,Olustee,FL, U.S.A.
32072.

2Presentaddress:StateUniversityof New York, Collegeof
EnvironmentalScienceandForestry,Syracuse,NY, U.S.A.
13210.

3RevisedmanuscriptreceivedOctober15, 1980.

Oregon(Yerkes1960; Morris 1970; Dymess1973)and
the Rocky Mountains (Lyon 1971), and the boreal
forestregion of Ontario (Sidhu 1973, 1974), there is
variationbetweenregionsandoftenbetweencommuni-
ties.Thus, in orderto developsoundmanagementprac-
tices, it is importantto have information for various
ecosystemtypes and locations. The purposeof this
studywas to assesstheeffectsof timberharvestingand
timberharvestingplus prescribedburningon theunder-
story componentof a mixedbalsamfir (Abiesbalsarnea
(L.) Mill.) — paperbirch (Berula papyrifera Marsh.)
standin northernMinnesota.Of particularinterestwere
treatments that would be useful for vegetation
management.
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Similar studieswere donein the Douglas-fir region
of Washingtonand Oregonto comparethe effects of
clear-cutting and of clear-cutting followed by slash
burning. The amountof herbaceouscover after treat-
mentwas similaron burnedandunburnedareas,but for
thefirst 5 yearsafter treatmenttherewas significantly
morewoody coveron theunburnedsites(Morris 1958,
1970; Steen 1966). Sites that had beenclear-cutand
burnedhad fewer speciesthan clearcutareas,but the
numberof speciesincreased,andafter6 yearstherewas
little difference between treatmentsin numbers of
speciespresent(Dyrness 1973). However,a changein
speciescomposition was noted: burned areas were
dominated by invaders while the residual species,
which dominatedtheunburnedsites, were reducedin
importance(Yerkes 1960; Dyrness1973).

Existing evidencesuggeststhat these same trends
occur in woody vegetation after clear-cutting in
Minnesotaforests. Two yearsafter the harvestof jack
pine (Pinus banksianaLamb.) stands,the density of
shrubs had doubled, going from 61 775 to 123 550
stemsperhectare(AIm 1971). Clear-cuttingalsostimu-
latedroot sproutingof quakingaspen(Populustrema-
bides Michx.) in forests of the region (Maini and
Horton 1966).

Study area

Thestudy wasdoneon theUniversityof Minnesota’s
CloquetForestryCenter,which is locatedabout17 km
southwest of Duluth, MN (latitude 46O43fl N
longitude 92~29’ W). This arealies within Kuchler’s
(1964) GreatLakes spruce—firforest vegetationzone.
The climate is subhumidcontinental,with long, cold
wintersandshort, warmsummers.The averagetemper-
ature is —12.80Cfor Januaryand 19.40C for August
(Bakerand Strub 1965). The averageyearly precipita-
tion is 72.9cm with a Junemaximumanda February
minimum (Baker et ol. 1967).

Weatherduring both yearsof the studywas similar
but somewhatabnormal,with below-averageprecipita-
tion andabove-averagetemperaturesduring the grow-
ing season.Thefirst year,precipitationfor theperiodof
April 1 to September30 was44.8cm, 10.3 cm below
normal, andfor thesameperiodthesecondyearit was
36.3cmor 18.8 cmbelownormal.June,however,had
above normal precipitation both years; 17.3 cm or
5.8 cm above normal the first year, and 18.0 cm or
6.5 cm abovenormal thesecoA.

The study site waspart of an areawhich hadbeen
logged in 1910 (Shannon 1976). The stand that
occupied the site before the studywas predominately
balsamfir and paperbirch, with scatteredred maple
(Acer rubrurn L.), quakingaspen,white spruce (Picea

4Personalcommunicationwith Dr. A. AIm, University of
Minnesota,CloquetForestryCenter,Cloquet,MN.

glauca (Moench)Voss),andwhite pine (Pinus strobus
L.). Total basalareawas 19.6 m2/ha,of which balsam
fir constitutes71% andpaperbirch 15%. There were
949 trees/ha,75% of which werebalsamfir. Average
diameterat breastheight (dbh) for both balsamfir and
paperbirch was15.7 cm. Site index for balsamfir was
18 m (50-yearbaseage).

The site is locatedon an outwashplain of Omega
loamy sand.This seriesis classedas a mixed, frigid
Spodic Udipsamment,an excessivelydrainedsoil with
low moistureholding capacityandorganicmattercon-
tent (Soil ConservationService1978). It has an acid
solum with pH rangingfrom 4.5 to 5.5.

The sitewasdivided into threecutting areasof about
0.8 ha eachandan uncutcontrol of about0.6 ha. The
treatmentswere full-tree logging and tree-lengthlog-
ging with aprotectivesnowcover(winter 1974—1975),
andfull-tree loggingwithout snowcover(spring 1975).
In the full-tree logging system, trees are felled and
skiddedintactto alanding for processingwhile in the
tree-lengthsystem, treesare felled, limbed andtopped
on site, and then the bole is skiddedto the landing
(Zasada1971). Thelogging operationwasatotal clear-
cutwith all stemslargerthan2.54cm dbh felled. The
unmerchantablestemswere left in place on the sites.

The tree-length site was prescribedburned in July
1975. The fire hadahigh buildup indexof ‘26”; this
is a measureof fuel dryness(Nelson 1964). When the
burn was started,thehumidity was45%, temperature
310C,andthewind from thesouthwestat 19 km/h with
gustsup to 48 km/h.4

Methods

Tencircular4.0-in2 plotswerelocatedin eachof the three
harvestareasandthe control. Justbeforeloggingoperations
were beguna list of understoryspecieswascompiledfrom
theseplots.The understorywasdefinedasherbaceousplants
plus all woodystemsless than 2.54 cm dbh. The following
growing season10 additional plots were establishedon each
areausingastratifiedrandomsystem.Thenumberof individ-
ual plants wererecorded,by species,for eachof the 20 plots
on asite.Thesameplotsweresurveyedin July of thefirst and
secondgrowing seasonsfollowing harvest on all but the
burnedsite, whichwasnot measuredthe first seasonowing to
a lack of sufficient vegetation.

At the end of each growing season, all aboveground
understoryvegetation was clipped and collected from ten
0.88-in2 randomly selectedcircular plots within each area.
The first-yearsampleswere separatedinto herbaceousand
woodyvegetationby plot. Thesecondyear,themajorspecies
werecollectedseparatelyby plot andthe minor specieswere
bulked. All vegetationcollectedwasoven-driedat 650C.

Density andbiomassdatafor specieswere groupedon the
basis of structuralsimilarities: fernsandfern allies, grasses,
vines,low herbs,tall herbs(annualsandbiennials),tall herbs
(perennials),low shrubs,tall shrubs,andtree reproduction.
Low herbswerethosethat do not grow taller than 30 cm; tall
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TABLE 1. Percentfrequencyof understoryspeciesbeforelogging

Species

Treatment

Control

Winter
full-tree
logging

Spring
full-tree
logging

Winter tree-length
logging and
summerburn

Woody species
Abies balsamea
Acer rubrum
Acer spicatum
Betulapapyrifera
Corylus cornuta
Diervilla lonicera
Linnaeaborealis
Populustremuloides
Rosaspp.
Vaccinium spp.

10
10
40
10
50
60
30
10
10
10

30
30
30
10
70
70
60
10
10
0

30
30
50
10
50
70
30
10
0
0

20
30
30
10
90

100
50
10
10
10

Herbaceousspecies
Coptis groenlandica
Cornuscanadensis
Lycopodiumclavatum
Lycopodiumobscurum
Pteridiumaquilinum
Rubuspubescens

10
70
70
90
50
10

4
40
60

100
50
40

10
90
60
90
40
10

1
100
90

100
90
30

NOTE: Summerplants could not be identified at the time of the survey in November.

herbs,thosewhich do; low shrubs,thosethat do not exceed
50 cm; andtall shrubs,thosethat grow over50 cm.

Both densityandbiomassdatawere comparedby analysis
of variance.Becauseof nonhomogeneityof variances,the
data were transformedwith a natural log transformation
beforeanalysis.An F-testandthe leastsignificantdifference
(LSD) were usedto comparemeans(SnedecorandCochran
1967).

Theseanalyseswerebasedon the assumptionthatall areas
hadsimilar understoryvegetationprior to logging. A survey
begunbeforeharvestingshowedthatall siteswere similar for
both speciespresenceandfrequencies(Table 1). Similarity
indexes, basedon frequenciesand calculatedusing Ellen-
berg’sformula (Mueller-DomboisandEllenberg1974),were
all 96% or greater.Becausethe original investigatorswere
mainly interestedin shrubspecies,thesurveywasdonein the
late fall. The summergreenspecieswere no longerpresent
then, but the major ones,sarsaparilla(Aralia nudicaulis,
aster (Aster macrophyllus), clintonia (Clintonia borealis),
false lily (Maianthemum canadense), and starfiower
(Trientalis borealis) all reproduceprimarily vegetatively.
Examinationsshowedthat individuals of thesespeciesfound
on plots the following growing seasonhadoriginatedfrom
well-establishedundergroundparts. Thus, thesespeciesdid
exist on all sitesbefore treatment.

Results
Composition

Speciescompositionis onecharacteristicin which a

5Plant nomenclaturefollows Fernald(1970)unlessauthor-
ity is given.

change would be expected.During the first growing
seasontherewere differencesbetweencut and uncut
areas with quaking aspen,juneberry (Amelanchier
spp.), bindweed (Polygonum cilinode), raspberry
(Rubusidaeus),andstrawberry(Fragaria ::pp.) occur-
ring on harvestedareas,but not on theuncut control.
Anemone (Anemonequinquefolia) and twisted stalk
(Streptopusroseus),however,werefound only on the
uncutcontrol (Table2). In winterversusspringfull-tree
harvestsites,paperbirch andstrawberrywererestricted
to thespring site; fireweed(Epilobium angusufolium),
coltsfoot (Petasites palmatus), and twinflower
(Linnaeaborealis) to thewinter site.

By the second growing season there were a large
numberof speciesdifferencesbetween the harvested
sites and the uncut control, with 23 speciesfound on
one or moreof the loggedareas,but noton thecontrol
(Table2). Mostof thesespecies(19of the 23) weretall
herbsof which 7 wereannualor biennial and 11 were
perennials.Thirteenspeciesfoundon the control were
absentfrom oneor moreof the threeclear-cutsites.The
tree-length,burned site had the largest loss of 10
species,while the winter and spring full-tree siteslost
5 and 7 species,respectively.Thus, on theunburned
sites mostof the compositionalchangeswere due to
speciesinvasionswith few speciesdisappearing.

Differencesbetweencut areasincreasedthe 2nd year
on sites that were logged only; therewere 21 species
(mainly tall herbs)that did not occur on the unburned
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area. Ten species growing on the winter full-tree
harvestedsite werenoton the springfull-tree area, and
10specieson thespringfull-tree sitewere not foundon
the winter treatmentsite.

Density
A numberof significant differencesin densityde-

veloped after only one growing season.Harvesting
created conditions which stimulated the growth of
quakingaspen,bindweed,andraspberry(Table2).The
cutting treatments, however, mainly createdcondi-
tions detrimentalto thepreloggingplant communities.
The density of clintonia ground pine (Lycopodium
obscurum), false lily, violet (Viola spp.), blue-
berry (Vacciniurn spp.), starfiower, fly honeysuckle
(Lanicera canadensis),and balsam fir was significantly
lower on harvestedsites.

Viewing the understory speciesby physiognomic
classesreveals that harvestingcreatednichesexploit-
able by vines,which were not presentbefore cutting.
The differencesin densitypreviously noted occurred
mainly in the fern allies and low herbs.The declineof
low herbscauseda decreasein overall herbdensityon
both winter and spring full-tree sites, especiallythe
latter. Woody stemsincreasedon winter full-tree sites
while the springfull-tree areahadfewerlow shrubsthan
thecontrol.

As expected,densitydifferenceshadincreasedby the
secondgrowing season.Two speciesthat showedno
responsethe first season,big-leaf aster and sedges
(Carex spp.), increasedon all cut areas the second
season(Table2). Densityof bindweedandbushhoney-
suckle(Diervilla Ionicera) was higheron all harvested
areas,butespeciallyon the winter full-tree site.Balsam
fir essentiallydisappearedand ground pine and false
lily becamemore scarceon cut areas.Starfiower and
clintoniadid notdeclineany further,but remainedat a
density significantly lessthan on thecontrol. Running
clubmoss(Lycopodiumclavatum)decreaseddrastically
on treatedsites,disappearingfrom theburnedarea.

The density of hazel (Corylus cornuta)on thewinter
full-tree site declined appreciably during the second
year, but still remained higher than on the control.
Raspberry,however,continuedto increaseandbracken
fern (Pteridiumaquilinum)and strawberryappearedin
greaternumbers than on the control. On the spring
full-tree site,quakingaspenremainedat 1st-yearlevels,
raspberry increasedeven more, while bunchberry
(Cornus canadensis)continued to decline. Hazel,
strawberry,and morning glory (Convolvulus sepium)
showedan increaseoverthecontrol thesecondseason.
The mostprominent characteristicof the burnedarea
wasan overwhelmingdensityof morningglory. Quak-
ing aspenandbrackenfern were also at higher levels
than on the control, while hazel and bunchberrywere
lower.

During the secondseason,low herbsdeclinedeven
moreon treatedareaswhilevinescontinuedto increase.
Grassesalso increasedon cut areas,and annualand
biennial tall herbsmadetheir appearance.Comparing
cutting treatments,winter full-tree logging resultedin
more low herbs, low shrubs,and significantly more
total woody vegetation.Low shrubs, tall shrubs,and
treereproductionwerefeweston theburnedarea.Total
herbsseparatedthe areasinto two groupswith thefull-
treesites having abouthalf as many as the burnedor
control area(Table 2).

Basedon their densitychanges,the specieson each
of the harvested areas were classedas invaders,
increasers, decreasers, or neutrals. The invaders were
speciespreviously not presenton the site but which
wereableto occupyandproliferatein nichescreatedby
the disturbance.They included bindweed, morning
glory, and sedges.The increaserswere speciesfound
on the areasbeforethe harvestandwhich wereableto
take advantageof the changesthat occurred.These
includedhazel, quakingaspen,raspberry,bushhoney-
suckle, asters, and strawberry. The neutrals and
decreaserswere also presentbeforelogging; afterhar-
vesting the neutrals remained fairly stable and the
decreasersdeclined. Prominent among the neutrals
weremountainmaple(Acerspicatum),dwarfraspberry
(Rubuspubescens),andfly honeysuckle,while balsam
fir, clintonia, falselily, running clubmoss,andground
pine were decreasers.

Biomass
Whenthe totalabovegroundbiomasswas compared

betweentreatedand control sites, it was evidentthat
therewas a largeincreasein understoryproduction.At
theendof the first growingseasontheloggedareashad
alreadyproducedan abovegroundbiomassequalto the
understorystandingcropof thecontrol (Table 3). The
areathat was full-tree logged in the spring, however,
had significantly less biomassthan the areathat was
full-tree logged in winter. This was primarily due to
lower productionby herbaceousspecies.

By the secondgrowing season,the increasedannual
understoryproductiononloggedsiteswasveryevident.
Betweenthe end of the first and the secondgrowing
season,the understorybiomasson the control hadnot
changedsignificantly, 727 kg/ha versus 943 kg/ha.
However, biomass on all treated areas increased
substantiallyandwassignificantly greaterthan on the
control site.

After two growing seasonsonly sarsaparillahad less
biomassthanthecontrolon all clear-cutareas(Table4).
Thespringfull-tree loggedareashoweda largeincrease
in big-leafasterbiomass.Thefull-tree loggedsitescon-
tamedmore hazel biomassthan either the burnedor
control area,with 948 and293 kg/haon the winterand
springfull-tree sites,and 3 and 16 kg/haon the burned
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TABLE 3. Abovegroundbiomass(kilogramsper hectare)of
herbaceousand woody understoryvegetationthe first and
secondgrowingseasonsafter logging in northernMinnesota

Component

Treatment

Winter
full-tree
logging

Spring Winter tree-
full-tree length logging
logging and summerburn Control

Herbaceous 593a
(116)

First season
278b —

(113)
429ab
(87)

Woody 566a
(229)

350a —
(120)

299a
(115)

Total 1 159a
(233)

628b —
(166)

728ab
(112)

Herbaceous 1579a
(214)

Secondseason
2359a 2081ct
(531) (239)

622b
(85)

Woody 2268a
(707)

2157ab 5236
(961) (298)

3206
(108)

Total 3847a

(718)

4516a 2604a

(829) (352)

9426

(135)
the means with 5E in parentheses,n = 10. MeansNOTE: valuesgiven are

within a row not followed by the same letter are significantly different at the
0.05 level.

andcontrol sites,respectively.Biomassof grassesand
vines was greateron cut areasthan the control, while
only the control hadan appreciableamountof biomass
in low herbs. The winter full-tree site had more low
shrubbiomassthan any other treatment.

Discussion
Someof the differencesin understoryspeciescom-

position among sites are probably not due solely to
treatmenteffects. Otherfactors suchas available seed
may have influenced the community compositions.
However, treatmentwas a major factor becauseit
influencedtheseedbedandthemicroclimate,andthere-
fore largely determinedthe successor failure of the
invading species.

Snow cover was an important factor in density
changesonfull-tree areas.Theprotectivevalueof snow
wasdemonstratedby the significantdeclinein low herb
densityonthe springfull-tree site, which lackeda snow
cover during logging. Of course,the susceptibility to
damageof low herbsin the understorymay alsochange
with the season.Still, if the resourcemanagerwere
interestedin minimizingdamagesto this segmentof the
understory,an adequatesnow coverduring harvesting
shouldbe beneficial.

Prescribedburning appearsto be theprinciple cause
of differencesin understorydensityon the tree-length
logging area. The decline of hazel, the increasein

18]

brackenfern, and the appearanceof morning glory.
sedges,and squirrel corn (Corydalis sempervirens)
wereall likely dueto the fire. Buckman(1964)demon-
stratedthe useof prescribedburning to reducethe den-
sity of hazel. An increaseof brackenfern following
disturbances,andtheinvasionof burnedareasby squir-
rel corn and sedgeshave been reportedby Ahlgren
(1960, 1974).The overwhelmingdominationof morn-
ing glory on the tree-lengthloggedsite, and its virtual
nonexistenceon otherareas,indicatesthat the response
was stronglyrelatedto the burning.

Classificationof speciesinto responseclassesis a
usefulconcept.With a sufficientdatabaseit shouldbe
possible to develop a model for predicting species
response,based on the type of disturbance that
occurred.Forexample,pastwork hasshown that big-
leaf aster increasesafter fire (Krefting and Ahlgren
1974), as it did in this study. However, speciesre-
sponsedependson theseverityof disturbanceas well as
the type. This is especiallytrue for burnedsites, but
alsoholdsfor clear-cutareasasshownby thedifference
betweenthe two full-tree sites.Evenso, some species
do respondconsistentlyover a broad range of distur-
bance intensities. The most notable of these in the
boreal forest region are the invaders. Seven of them
(geranium(Geraniutn bicknellii), bindweed,fireweed,
squirrel corn, sedges,goldenrod(So/idago spp.), and
cherry(Prunusspp.))havepreviouslybeenshownto be
invadersafter fire (Ahlgren 1960, 1974; Krefting and
Ahlgren 1974; Methven 1973).

Following cutting of the overstory, the understory
has an increasein primary productionand therefore
standingcrop biomass(Blair and Brunett 1976;Craw-
ford 1976;Sidhu 1973). After fire thereis also a rapid
revegetationof sites(Ahlgren 1974), and a subsequent
increase in production by the understory (Dyrness
1973). All threeof the clear-cut areasfollowed these
patternswith a substantialincreasein biomass.Inter-
estingly, hazel increasedon the full-tree loggedareas
while it exhibitedno changeon thetree-lengthlogged
and burned site. Since this speciesoften forms a
relatively enduringseralstage,this study indicatesthat
the resourcemanagercaneitherfavoror discouragethis
dependingon the harvestingmethodchosen.

Comparedwith theuncutcontrol site, thetree-length
logged and burned treatmentshowed no increasein
woody speciesin theunderstory,but thefull-tree log-
ging systemsstimulatedtheir reproductionandgrowth.
Winter full-tree logging resultedin more increasein
woody speciesthan did the full-tree logging in the
spring. Thus, for control of competitionfrom woody
species,often a problemon areasbeingregeneratedto
conifers in the Lake States, the tree-length harvest
systemwith slashdisposalby burning was moreeffec-
tive than the full-tree logging methods.The resource



CAN. .1. FOR. REs. vOL. II, 1981182

TABLE 4. Abovegroundbiomass(kilogramsper hectare)of major understoryspeciesthe second
growing seasonafter logging in northernMinnesota

Treatment

Winter tree-
Winter Spring length logging
full-tree full-tree and

Species logging logging summerburn Control

Fernsandfern allies
Lycopodium obscurum
Pteridium aqui/inum

Total

Grasses
Carex spp.
Oryzopsisspp.

Total

Vines
Convolvu/ussepium
Polygonumcl/mode

Total

Low herbs
C/intonia borealis
Cornuscanadensis
Fragaria spp.
Malanthemumcanadense
Trienta/is borealis

Total

Tall herbs
Aralia nudicaulis
Astermacrophv//us

Total

Low shrubs
Diervil/a lonicera
Rubusidaeus
Vaccinium spp.

Total

Tall shrubsandtree
reproduction

Abies ba/samea
Acer rubrum
Acerspicatum
Ame/anchierspp.
Betulapapyrifera
Cory/us cornuta
Popa/ustremuloides
Prunus spp.

Total

NOTE: Means within a row not followed by the same letter are significantly different at the 0.05 level.

managercouldalso use the burntreatmentto tempor-
arily createpatterndiversity since it did result in a
dissimilarunderstory.

Following theharvestoperations,theecosystemshad
aninitial stageof readjustmentin which changeswithin
the understorywere relatively minor. By the second
season,however,species,density, composition,and

biomasshadall changedsignificantly. However,most
speciesthatmadeup the formerplant communitywere
still present.Otherstudieshaveshown that the rate of
changebecomesslower; the initial invadersgradually
disappear,earlyincreasersdecline,whilethedecreasers
gain in importance(CornsandLaRoi 1976; Crawford
1976; Dyrness1973; Lyon 1966). Thesechangesare
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dependentupon the establishmentof new overstory
strata, and will progressas a function of increasing
crown closure and the subsequentmicroclimatic
changeswhich accompanythis process.Thus, succes-
sional trendswithin theseunderstorieswill continue,
with speciesgainingor losingin communityimportance
at various stagesaccordingto their place within the
scheme.Eventhoughsomeof the stageswill vary, all
sitesshouldprogresstowarda similarunderstorycom-
munity.
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